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The experiments here recorded were carried out under 
the supervision of Prof. W. Lash Miller in the chemical lab- 
oratory of the University of Toronto during the winter of 
1909-1910, in order to supply further evidence as to the 
connection between the toxicity of phenol solutions containing 
salts and the chemical potential of the phenol in them, and 
in the hope of finding an explanation of the results obtained 
by Lemon1 with 0.6 percent phenol solutions. 
Determination of Chemically Equivalent Solutions, Using 

Kerosene as Immiscible Solvent 
Lemon’s experiments had shown that in the case of 

sodium chloride phenol and anthrax spores, the toxicity of a 
solution containing both phenol and salt is the same as 
that of a solution containing phenol alone, if the concentrations 
of the two solutions are so chosen that both are in equilibrium 
with the same solution of phenol in toluene; or, in shorter 
form, that a given solution of phenol is isotoxic with its 
“chemically equivalent” solution of phenol and salt. His 
experiments with 0.6 percent phknol and staphylococcus, 
however, gave irregular results, and in nearly every case the 
“equivalent” was found to be very much less toxic than the 
pure phenol solution. 

Before extending the experiments to include other salts, 
it  seemed necessary to clear up this discrepancy; and in the 
first place a redetermination of the chemical equivalents was 
undertaken. After unsuccessful attempts to  measure the 
partial pressure of the phenol by drawing air through the 
solutions and then through a solution of potassium hydrate 
(the amount passing over in 24 hours was too small for analysis) 

Jour. Phys. Chem., 24, 570 (1920). 
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the equilibrium between phenol solutions and kerosene was 
studied. The use of this hydrocarbon instead of toluene 
offers the advantage, that in the equilibrium experiments a 
much smaller proportion of the phenol goes into the upper 
layer; with dilute solutions the ratio is about ker. : water : : 
I : 4.5, as against tol. : water : : z : I and when the con- 
centration of the phenol is increased the ratio remains almost 
constant, instead of greatly increasing as with toluene. The 
results of equilibrium experiments with kerosene, when plotted, 
thus give nearly straight lines, which is convenient for inter- 
polation ; and because of the relatively small concentration 
of the phenol in the hydrocarbon, there is not so much danger 
of the water content of the upper layer, and therefore the 
solubility of phenol in it, being affected by addition of salt. 

Merck's 
cryst. phenol was distilled three times, rejecting the first and 
last portions, and collecting the part boiling a t  181-182' C; 
49.97 g of the last distillate, collected in a weighing glass, 
was dissolved in water and made up to one liter. Measured 
amounts of this original 5 percent solution, and weighed 
amounts of Merck's sodium chloride, were made up to 50 cc 
in a volumetric flask for the equilibrium experiments. In 
each of the latter 50 cc of the aqueous solution and 30 cc 
purified kerosene were placed in a tall narrow-necked glass- 
stoppered bottle (capacity about 90 cc) and stood in a thermo- 
stat a t  33' C; after the temperature of the bath had been 
attained, the bottles were well shaken for 30 seconds and al- 
lowed to settle, this shaking was repeated three or four times. 
Suitable amounts of the two layers were then pipetted out for 
analysis, using a bulb tube for the lower 1ayer.l In the 
aqueous layer the phenol was determined by the method of 
Lloyd;2 the phenol in the upper layer was extracted five 
times by shaking in a separating funnel with normal potassium 
hydrate, the washings were united and acidified, and the 
phenol determined by the same method. All the kerosene 

The determinations were carried out as follows: 

Jour. Phys. Chem., 24, 570 (1920). 
Jour. Am. Chem. SOC., 27, 16 (1905). 
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used in this work had been purified by shaking repeatedly 
with a 2 5  percent solution of potassium hydrate, until the 
washings gave no titre with the hypobromite solution used 
in the determination of phenol. 

The following are the results obtained: 

No salt: aqueous 
(obs.) 6.66 4.36 3.74 2.92 I .  954 0.787% phenol 

Kerosene layer (obs.) I .63 I .03 0.835 0.643 0.427 0. I 76% phenol 
Kerosene layer (calc.) I .48 0.97 0.83 I 0,649 0.434 0.1 75% phenol 
Ratio (obs.) 4.08 4.23 4.48 4.54 4.58 4.56 Aq/Ker 

Kerosene 0.319 0.224 % phenol 
Ratio 4 .  I9 4.18 Aq/Ker 

5% NaCl; aqueous 4.184 2.65 2.240 1.794 %phenol 
Kerosene I .530 0.847 0.680 0.537 % phenol 
Ratio 2.74 3.13 3.30 3.36 Aq/Ker 

10% NaCl; aqueous 3.593 2.41 2.069 1.54 % phenol 
Kerosene 2.336 I .  159 0.953 0.687 % phenol 
Ratio 1.54 2.08 2.17 2.24 Aq/Ker 

15% NaC1; 20% NaCl; 
aqueous 2.523 1.344 % phenol aqueous 1.539 % phenol 

Kerosene I .  722 0.870 % phenol Kerosene 1.754 % phenol 
Ratio I .47 1.54 Aq/Ker Ratio 0.88 AqIKer 

The ratio “(weight phenol in IOO cc aqueous layer)/ 
[weight phenol in IOO cc kerosene layer)” ‘increases with 
decrease in the concentration of the phenol; but for solutions 
without galt, containing less than 4 percent phenol, the results 
are expressible within the experimental error by a linear 
formula, setting the ratio constant at 4.50. The concentra- 
tions of phenol in kerosene so calculated are given after “Kero- 
sene layer (calc.) ” above. 

For solutions containing salt which are in equilibrium 
with solutions in kerosene containing 0.22 percent phenol or 
less, that is which are chemically equivalent to a one percent 
solution of phenol in water or to more dilute solutions, the 
ratio has been assumed to be constant with the values given 

2% NaCl; aqueous 1.337 0.934 % phenol 
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after “ratio” in the following table; dividing these ratios by 
0.46 gives the “factor” by which the concentration of phenol 
in the saltless solution must be multiplied in order to obtain 
the chemically equivalent concentration of phenol in solu- 
tions containing from 2.0 percent to 2 0  percent sodium chloride. 

Sodiumchloride, % o 2 5 I O  I 5  2 0  
Ratio 4 . 6  4 . 2  3.3 2 . 2  1 . 5  0.9 
Factor 1.00 0.91  0 . 7 2  0 .48 0.33 0 . 2 0  

Calculated in this manner, the phenol solutions used by 
Lemon in his experiments with staphylococcus, viz. : 0.80, 
0.70 and 0.60 percent phenol in water, are equivalent to solu- 
tions containing 2 .0  percent salt and 0.73,0.64 and 0.55 percent 
phenol, respectively; as calculated from Prof. Lash Miller’s 
experiments with toluene, the equivalent solutions should 
contain 2.0 percent salt and 0.72, 0.63 and 0.54 percent phenol. 
The results of my experiments with kerosene, therefore, 
confirm those obtained with toluene; and the unexpected 
outcome of Dr. Lemon’s work with staphylococcus cannot be 
accounted for by errors in the determination of the equiva- 
lents. 
The Toxicity of 1.0% Phenol, and Other Solutions towards 

Staphylococcus at 0 0  C 
In his experiments with anthrax spores, Lemon found 

good agreement between the toxicities of the phenol solutions 
and those of their chemical equivalents; in his experiments 
with staphylococcus the discrepancy seemed to increase with 
the dilution of the solutions. To test this, I undertook a 
couple of experiments with concentrations of phenol higher 
than those used by Lemon with staphylococcus, and worked 
at  oo C in order to bring the rate within measurable limit, 
a preliminary experiment having shown that while 0.8 percent 
phenol kills all the cocci in 15 minutes at 33’ C,,about 5000 
colonies developed when the poison was allowed to act a t  
zero. The solutions compared were not in every case exactly 
equivalent, as the experiments were made before the method 
of calculation described above had been adopted. 
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Staph. in poison 2 6 IO 14 18 minutes 
0.9% phenol 1400 311 240 93 45 colonies 
0.44% ph. + IO% NaCl 2800 600 87 67 -colonies 

is 0.43 percent phenol + IO percent NaC1. 

Staph. in poison 4 6 g 12 15 minutes 
1.0% phenol 197 70 34 41 o colonies 
0.5% ph. + IO% NaCl 152 36 - g I colonies 

is 0.48 percent phenol + IO percent NaC1. 

As calculated above, the equivalent of 0.9 percent phenol 
e 

As calculated above, the equivalent of I .o percent phenol 

Staph. in poison 3 . 5  6 .5  9 . 5  1 2 . 5  15.5 minutes 
0.835% Ph. + 2.0% 

NaCl-  2200  342 150 18 23 colonies 

NaCl 3600 1000 790 483 219 colonies 
0.44% Ph. + 10% 

Both these solutions are chemically equivalent to 0.92 
percent phenol . 

These results serve to confirm the conclusion that dis- 
crepancies of the magnitude of those observed by Lemon occur 
only with the most dilute solutions. 
The Toxicity of Distilled Water and of 0.2% NaCl towards 

Staphylococcus 
As the discrepancies and irregularities observed by Lemon 

cannot be accounted for by error in the composition of the 
equivalent solutions, and as they were greate$ when the 
solutions were most dilute, it seemed probable that they 
might be due to plasmolysis of the cocci occasioned by the 
low osmotic pressure of the 0.6 percent phenol solution (about 
1.75 atmos.) as compared with that of its equivalent (0.54 
percent ph. + 2 .o percent NaC1, osm. press. about I 8 atmos.) . 
Experiments in which distilled water was used as the “poison- 
ous liquid” were accordingly carried out, following closely the 
procedure described by Lemon; they showed that, like 0.6 
percent phenol, distilled water, is a more powerful poison 
Staph. in poison 
Dist. water, room temp. 

I 2 120  125 minutes 
inf. inf. 2 I colonies 

P 
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than Lemon found 0.54 percent ph. + 2.0 percent NaCl to 
be. Another series showed that 0.2 percent NaCl solution, which 
has about the same osmotic pressure as 0.6 percent phenol, 
caused death a t  a rate comparable to that usually found by 
Lemon with the 0.6 percent phenol solution. 

Staph. in poison I 5 15 20 90 minutes . 
Dist. water 5000 - 38 - I colonies 

On repeating the experiments with another culture of staphylo- 
coccus, very different results were obtained : 

Staph. in poison 15 50 minutes 
Dist. water 373 343 colonies 
0.2% NaCl - 298 colonies 

This shows how great a difference there may be in the re- 
sistance of different cultures towards water and towards a 
dilute salt solution; it serves to explain Lemon’s observation 
that his Culture No 15 lived for two hours in 0.60 percent 
phenol, nearly as long as’in the chemical equivalent. 

2800 - 1760 - 0.2% NaCl - 

, 
I I  

Adaptation of Staphylococcus to Distilled Water 
A colony, grown on agar, was removed with the usual 

precautions, shaken up with distilled water, and let stand 
5 0  minutes a t  room temperature, after which a loopful was 
used to infect IO cc neutral agar a t  45’ C, and a plate was 
poured in the usual way. A colony from this (first) plate 
was treated with distilled water for two hours, and a second 
plate poured. A colony from the second plate was treated 
with distilled water for three hours, and a third plate poured. 
Over 8,000 colonies grew on this third plate. 

The culture so obtained, while much more resistant to 
water than the original culture, was much less resistant to 
phenol; and 2.0 percent sodium chloride solution, in which the 
original culture grew unharmed, killed the new completely 
within a quarter of an hour. 

Staplz. in poison for 15 min. at room temp. 
Dist. water 234 colonies; 0.1% phenol 182 colonies; 
0.2% phenol 27  colonies; 0.4%~ 0.6%~ 0.8% ph., o col. 
2.0% NaCl o colonies; 
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The irregular results observed by Lemon with dilute 
solutions must therefore be ascribed to  the variability of the 
cultures employed by him in respect to their resistance to 
solutions of low osmotic pressure. Most of his cultures, 
like my own prepared in a similar way, were just able to 
stand an osmotic pressure of two atmospheres (that of 0 . 7  
percent phenol), but were measurably injured by 1.75  atmos. 
(0.6 percent phenol, or 0 . 2  percent NaC1); while his culture 
No. 15 was more resistant, and his No. 16 was less. 
Chemical Equivalents of Eleven Phenol-Salt Solutions Used 

by Paul and Kronig 
On page 446 of their paper “Ueber das Verhalten der 

Bakterien zu chemischen Reagentien,” Paul and Kronigl 

Fig. I 

record the number of anthrax spores left alive after immersion 
for 24 hours IO minutes in 4 percent phenol solutions con- 
taining various salts at the constant concentration of one 
formula weight per liter. 

1Zeit. phys. Chem., 21, 414 (1896). 

c 
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In order to determine the chemical equivalents of these 
solutions, I made up with each salt 
two different solutions, each of them 
normal with respect to the salt, but one 
containing more and the other less than 
four grams of phenol per hundred cubic 
centimeters; these were shaken with the 
purified kerosene, and the two layers 1600 
analyzed as described above. The re- 
sults are given in columns 2-5 of the 
following table, and in Fig. I ,  and from l boO 

them by linear interpolation the chem- 
ical equivalents of the 4 percent solu- 1200 

tions were calculated; these are given 
in column 6 of the table, while column 
7 gives the number of colonies left alive 1000 
in the experiments of Paul and Kronig. 

In the table the solutions are 
arranged in the order of the concentra- 8oo 

tions of their equivalent phenol solu- 
tions, so that if the toxicity depended 6oo 

only on the chemical potential of the 
phenol, the first would be the least toxic 

The accompanying cut, Fig. 2, in 
which the ordinates give the number 
of colonies and the abscissas the chem- 2oc 

ical equivalents of the poison used, 
shows that in general the toxicity de- a 
pends on the chemical potential of , 
the phenol ; solutions containing acetic 
acid, potassium iodide, or ammonium 

and the last the most. 400 

Fig. 2 

chloride, however, proved to be much more toxic than 
would have been expected from the chemical work. It 
is likely enough that potassium iodide itself would act as a 
poison; the behavior of ammonium chloride is more un- 
expected. As to acetic acid, it is well known that slight varia- 



672 

Sod. benzoate 
Acetic acid 
No salt 
Pot. iodide 
Am. chloride 
Sod. nitrate 
Sod. acetate 
Pot. bromide 
Lith. chloride 
Sod. chlorate 
Pot. chloride ' 

Sod. chloride 

J .  Stanley Laird 

4.076 
4.292 

3.05 
3.196 
3.216 
3.06 
3.088 
3 9 I90 
2.99 
2.94 
3.19 

- 

Ker. 

5 . 8 7  
4.752 

4.36 
3 :934 
4.036 
5.72 
4.48 
3.76 
4.03 
3.89 
4.54 

- 

Ker. 

0.774 
0.863 

1 -34  
1 . 2 5  
1.334 
2.08 
I .06 
1.34 
1.49 
1.44 
I .92 

- 

Equiv. 

3 . 1  
3 .3  
4 . 0  
5 . 0  
5 .3  
5 . 4  
5.4 
5.8 
6 .  I 
6.15 
6.25 
6.5 

Col. 

I963 
I 60 

I505  
368 
336 
422 
804 
295 
253 
280 
I74 
131 

tions in the acidity or alkalinity of a culture medium affect 
the growth; but Paul and Kronig's experiments (their table 
24, p. 438) show that normal acetic acid by itself is not toxic 
to anthrax. Experiments of my own show that addition of 
acetic acid to phenol increases the toxicity of the solution 
to-staphylococcus; a further study of this case seems called 

Staph. in poison, oo C 3 6 g 12 15 minutes 
1.0% phenol 331 111 81 o 6 colonies 
1.0% ph. + 3.0% acetic 8 o o o o colonies 

The acid solution was chemically equivalent to 0.9 

for. 

percent phenol. 
Summary 

Determination of the chemical equivalents of phenol- 
* NaCl solutions, using kerosene as immiscible solvent, confirm 

and extend the results obtained with toluene. 
The abnormal results obtained by Lemon in his experi- 

ments with 0.60 percent phenol, are due to plasmolysis of the 

The increase, or decrease, in toxicity caused by adding 
ten different salts to 4 percent phenol solution, is primarily 
due to the change in the chemical potential of the phenol. 

The increased toxicity caused by adding acetic acid 
needs further study. 

" cocci. 

The University of Toronto 
June, 1920 


